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resulted in the discovery of an extracellular a-glucuronidase efﬁciently debranching hardwood glu-
curonoxylan. This activity is not exhibited by more extensively investigated a-glucuronidases of gly-
coside hydrolase (GH) family 67, operating on substrates in which the uronic acid is linked to the
non-reducing xylopyranosyl residues of main chain fragments. The N-terminus of the puriﬁed
enzyme corresponded exactly to the P. stipitis gene ABN67901 coding for a protein of unknown
function. BLAST search revealed the presence of similar genes in genomes of other microorganisms.
These results lead to the emergence of a new family of a-glucuronidases.
 2009 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction There is also a great diversity among feruloyl esterases [7],Efﬁcient hydrolysis of plant xylans using microbial enzymes
represents a part of our effort to develop environmentally friendly
processes for plant biomass conversion. The enzymes hydrolyzing
xylan can be divided into two categories: (i) enzymes degrading
the polysaccharide main chain, which is endo-b-1,4-xylanase (EC
3.2.1.8) and b-xylosidase (EC 3.2.1.37) and (ii) enzymes that liber-
ate side chains, the main chain substituents, so called accessory
xylanolytic enzymes, that include a-glucuronidase (EC 3.2.1.139),
a-L-arabinofuranosidase (EC 3.2.1.55), acetylxylan esterase (EC
3.1.1.72) and feruloyl esterase (3.1.1.73) [1].
There are several types of enzymes hydrolyzing b-D-xylosidic
linkages in the main chain. Both endoxylanases and b-xylosidases
are found in several glycoside hydrolase (GH) families, which differ
in the protein folding and in substrate structure requirements [2].
Some endo-xylanases of GH5, for instance, recognize 4-O-methyl-
D-glucuronic acid (MeGlcA) or GlcA xylan side chains as speciﬁcity
determinants [3,4]. Some of the accessory enzymes also show great
diversity in terms of the architecture and substrate speciﬁcities
[1,5]. a-L-Arabinofuranosidases can be found in ﬁve (GH3, 43, 51,
54, 62) GH families. The greatest diversity occurs particularly
among acetylxylan esterases classiﬁed in seven of 16 carbohydrate
esterase families [6].chemical Societies. Published by E
cid; GH, glycoside hydrolasehowever, their classiﬁcation is awaiting more data from biochem-
ical, physiological and structural studies. In contrast to the above
quoted accessory enzymes, only one GH family, GH67, harbours
a-glucuronidases [2]. These a-glucuronidases do not operate on
polymeric substrates, glucuronoxylans [8–10]. They liberate
MeGlcA or GlcA only from those fragments of glucuronoxylan
(aldouronic acids), in which the uronic acid is linked to the
non-reducing terminal xylopyranosyl residue (Fig. 1) [8–11]. One
such aldouronic acid, Xyl(MeGlcA)–Xyl–Xyl* is generated from glu-
curonoxylan by family 10 endoxylanases [12]. The GH67 a-glucu-
ronidases also do not attack aryl glycosides of GlcA or MeGlcA [1].
An a-glucuronidase that hydrolyzes aryl a-D-glucuronidase can be
found in GH4, however, this enzyme does not recognize as sub-
strates glucuronoxylan or its fragments, and therefore it cannot
be considered to be a hemicellulolytic glycosidase [13,14].
The only a-glucuronidase described so far that is capable of lib-
erating MeGlcA side chains from hardwood glucuronoxylan is the
enzyme present in the cellulolytic system of the wood rotting fun-
gus Schizophyllum commune [15]. The N-terminal sequence of this
enzyme has been reported [15], however, it does not match any
gene sequences in available databases. The partial sequence also
does not match the sequences of a new family of a-glucuronidase
that is described in this paper.
Here, we report isolation of an extracellular a-glucuronidase
from the xylanolytic system of the xylose-fermenting xylanolytic
yeast Pichia stipitis CBS 6054 [16] of which the genome sequence
became recently available [17]. The P. stipitis enzyme liberateslsevier B.V. All rights reserved.
Fig. 1. Glycosidic linkages in fragments of glucuronoxylan attacked ( ) and not attacked () by GH67 a-glucuronidases. The enzymes do not hydrolyze aryl a-glucuronides,
which serve as substrates of non-hemicellulolytic family 4 a-glucuronidases. The asterisk marks the reducing end.
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idues of glucuronoxylan and aldouronic acids generated from the
polysaccharide on the action of endoxylanases. The P. stipitis CBS
6054 a-glucuronidase was puriﬁed, partially sequenced and the
sequence used to establish a new family of a-glucuronidase. The
a-glucuronidases with such catalytic properties might be of great
importance in processes of enzymatic biomass conversion as well
as tools for altering rheological properties of glucuronoxylans.
2. Materials and methods
2.1. P. stipitis strain and its cultivation
P. stipitis CBS 6054 was grown in ﬂasks on a medium containing
YNB (Difco, 6.7 g/l), L-asparagine (2 g/l), KH2PO4 (5 g/l) and carbon
source (glucose or beechwood glucuronoxylan, 10 g/l) at a temper-
ature 30 C and agitation of 180 rpm. Exponential-grown cells
were harvested at cell density 1.0–1.5 mg/ml (dry weight).
2.2. a-Glucuronidase substrates and products
Deacetylated glucuronoxylan was extracted from beech saw-
dust [18]. Aldotetraouronic acid Xyl(MeGlcA)–Xyl–Xyl, the short-
est acidic product of glucuronoxylan hydrolysis by family 10
endoxylanases, and aldopentaouronic acid Xyl–Xyl(MeGlcA)–Xyl–
Xyl, the shortest acidic product of glucuronoxylan hydrolysis by
family 11 endoxylanases were prepared as described earlier [12].
MeGlcA was prepared by de-esteriﬁcation of its methyl ester by
S. commune glucuronoyl esterase [19].
2.3. P. stipitis a-glucuronidase production in the absence of xylan
The a-glucuronidase enzyme, prior to puriﬁcation, was pro-
duced in induction experiments which were done as follows. Expo-
nential-phase cells grown in a 1% glucose YNB medium were
collected by centrifugation and washed twice with basal YNB med-
ium (without carbon source) and then suspended in the same med-
ium supplied with 0.5 mg/ml of xylooligosaccharides mixture
(XYLO-OLIGO 70, Suntory Limited, Japan) and 0.33 mg/ml of
methyl-b-xylopyranoside. The cell concentration was 5.0 mg/ml
dry weight (105 C). After 24 h incubation on a shaker (180 rpm)
at 30 C for 24 h the mixture was centrifuged and the clear super-
natant was used for puriﬁcation of extracellular a-glucuronidase
which was co-induced with endo-b-1,4-xylanase.
2.4. Puriﬁcation of P. stipitis a-glucuronidase
The clear induction supernatant (600 ml) was 300-fold concen-
trated on Amicon 10 kDa cut-off membranes. In the ﬁrst step,
secreted proteins were fractionated by anion-exchange chroma-
tography on a HiTrap DEAE-FF (GE Healthcare, Sweden) column
using elution with NaCl gradient (0–1.0 M) in 50 mM sodium-
phosphate buffer (pH 7.0). Fractions containing a-glucuronidase,
eluted as a peak between 0.2 and 0.25 M NaCl, were pooled, and
after concentration and desalting, equilibrated in 50 mM acetate
buffer (pH 4.0) containing 2 M (NH4)2SO4 and subjected to hydro-
phobic interaction chromatography on a Butyl-FF column (5 ml)(GE Healthcare) eluted with a decreasing gradient of (NH4)2SO4
in the same buffer. a-Glucuronidase was eluted between 1.1 and
0.61 M concentration of (NH4)2SO4. The active fractions were
pooled, desalted, concentrated and subjected to two additional an-
ion-exchange chromatography steps on a Tricorn MonoQ 5/50GL
(GE Healthcare) column (polystyrene/divinylbenzene). In the ﬁrst
step, the columnwas equilibrated with 50 mM sodium acetate buf-
fer (pH 4.0) and eluted with increasing gradient of NaCl (0–1.0 M).
In the second step the acetate buffer was replaced by 50 mM
sodium-phosphate buffer (pH 7.0). Active fractions, eluted be-
tween 0.25 and 0.3 M NaCl, were desalted and concentrated by
membrane ﬁltration on Microcon (10 kDa cut-off, Millipore Co.,
USA).
2.5. Sequence analysis of puriﬁed protein
Puriﬁed a-glucuronidase was separated by SDS–PAGE in 10%
acrylamide gels and electro-blotted onto a polyvinylidene diﬂuo-
ride membrane (Milipore Corp., USA). The sequence of 15 N-termi-
nal amino acids was determined on an HP G105A protein
sequencer (Hewlett–Packard, Palo Alto, CA, USA).
2.6. a-Glucuronidase assay
a-Glucuronidase activity was qualitatively followed by TLC on
silicagel (Merck Silica gel 60 on aluminum plates) in ethyl ace-
tate:acetic acid:1-propanol:formic acid:water (25:10:5:1:15, by
vol.) on the basis of appearance of free MeGlcA from aldouronic
acids (10 mg/ml) or glucuronoxylan (2%) dissolved in 0.05 M so-
dium acetate buffer (pH 4.4). Enzyme was usually used at concen-
tration 50 lg protein/ml. The substrate and products were
detected with N-(naphtylethylenediamine)-dihydrochloride re-
agent [20]. The reagent gives a brown color with MeGlcA in con-
trast to a purple color with xylose-containing compounds.
Quantitative assay was based on determination of free MeGlcA lib-
erated from aldopentaouronic acid Xyl–Xyl(MeGlcA)–Xyl–Xyl,
10 mg/ml) or beechwood glucuronoxylan (2%) by the method of
Milner and Avigad [21]. Protein samples (1–10 lg, depending on
purity) were incubated for 10–60 min in 0.1 ml of reaction mixture
containing the substrate in 50 mM acetate buffer (pH 4.4). The
reaction was stopped by addition of 0.3 ml of the copper reagent
and boiling for 10 min at 100 C, followed by addition of 0.2 ml
of the Nelson reagent and 0.4 ml of water. Absorbance was mea-
sured at 600 nm using calibration with GlcA. One unit of a-glucu-
ronidase is deﬁned as the amount of enzyme producing 1 lmol of
uronic acid in 1 min from aldopentauronic acid Xyl–Xyl(MeGlcA)–
Xyl–Xyl.
2.7. Other procedures
Protein was determined according to Bradford [22] using bovine
serum albumin as standard. Protein molecular weight was deter-
mined by SDS–PAGE [23] using unstained protein molecular
weight markers (FERMENTAS, Canada) and dyed protein markers
(SERVA, GmbH). IEF was performed on Multiphor II system (GE
Healthcare, Sweden) using SERVALYT PRECOTES 3–6 precast gels
and IEF markers 3–10 (SERVA, GmbH).
Fig. 2. SDS–PAGE of puriﬁed Pichia stipitis a-glucuronidase. Lane 1 – protein
markers (Fermentas #SM 0431); lane 2 – a-glucuronidase; 10 lg protein; lane 3 –
a-glucuronidase, 20 lg; lane 4 – protein markers (SERVA #39216).
Fig. 3. TLC analysis of products formed from aldopentaouronic acid (Xyl-Xyl(MeG-
lcA)-Xyl-Xyl) (A) and glucuronoxylan (B) upon the action of puriﬁed P. stipitis a-
glucuronidase. A: samples: lanes 1 and 8 – xylose and xylooligosaccharide
standards; 2 – aldopentaouronic acid (Xyl-Xyl(MeGlcA)-Xyl-Xyl); lane 3 – enzyme
blank; lanes 4–7 – products of enzyme reaction after 1, 10, 60 min and 18 h,
respectively. B: samples: lanes 1 and 5 – xylose and xylooligosaccharides standards;
lane 2 – glucuronoxylan control; lanes 3 and 4 – products of enzyme reaction after
4 h and 18 h, respectively.
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3.1. Isolation of a-glucuronidase
The ﬁrst evidence for the production of a new type of a-glucu-
ronidase was obtained during growth of several P. stipitis strains on
beechwood glucuronoxylan. Despite the fact that the polysaccha-
ride was utilized to a limited extent when compared with the uti-
lization of D-xylose, D-glucose or b-1,4-xylooligosaccharides, there
was no accumulation of acidic oligosaccharides in the medium.
All fragments released from glucuronoxylan were completely uti-
lized suggesting that the yeast must secrete an a-glucuronidase
into the medium. Examination of the activities of the enzymes se-
creted into the glucuronoxylan growth medium of Pichia stipitis
conﬁrmed a strong activity of a-glucuronidase. A partially puriﬁed
enzyme, still slightly contaminated with endoxylanase, was capa-
ble of debranching glucuronoxylan and liberating MeGlcA from
aldouronic acids in which the MeGlcA was linked to internal xylo-
pyranosyl residues. Our ﬁrst attempts to purify the enzyme from a
partially-spent glucuronoxylan medium were unsuccessful be-
cause xylan residues made the concentrated medium viscous and
interfered with the enzyme puriﬁcation. The ﬁnal enzyme prepara-
tion isolated from the glucuronoxylan medium was never suitable
for partial amino acid sequencing.
Successful puriﬁcation of extracellular a-glucuronidase was
accomplished with the enzyme secreted into a medium by washed
exponential phase glucose-grown cells during incubation in a syn-
thetic medium supplied with a mixture of xylobiose, xylotriose and
methyl b-D-xylopyranoside, inducers of xylanolytic enzymes in P.
stipitis. The level of extracellular a-glucuronidase induced under
this condition was 0.015 U/ml, which represented about 20% of
the activity observed during incubation of cells with 1% glucuron-
oxylan. Fortunately, this level of expression of a-glucuronidase
was sufﬁcient for the puriﬁcation of the enzyme from the induc-
tion medium containing only dialyzable nutritional components.
The enzyme was successfully puriﬁed from a concentrated induc-
tion medium by a combination of ion-exchange and hydrophobic
interaction chromatographies (Table 1). The enzyme afforded a
single band on SDS–PAGE corresponding to a protein of approxi-
mately 120 kDa (Fig. 2) and was pure enough to be used for N-ter-
minal amino acid sequence analysis.
3.2. Catalytic properties of P. stipitis a-glucuronidase
The puriﬁed a-glucuronidase was free of any endoxylanase or
b-xylosidase activity. The only reaction exhibited by the enzyme
with aldopentaouronic acid of the structure Xyl–Xyl(MeGlcA)–
Xyl–Xyl* or beech glucuronoxylan as substrates was liberation of
MeGlcA (Fig. 3). The enzyme liberated MeGlcA also from ald-
otetraouronic acid Xyl(MeGlcA)–Xyl–Xyl* (not shown) which also
serves as a substrate of family 67 a-glucuronidases [1]. Initially
clear glucuronoxylan solution showed increased opalescence and
increased viscosity due to efﬁcient debranching. The amount of
uronic acid released from beechwood glucuronoxylan by the en-
zyme on a long-term treatment was 0.35 lmol per 1 mg of glucu-Table 1
Summary of a-glucuronidase puriﬁcation from the induction medium of Pichia stipitis CBS
Step Total protein (mg) Speciﬁc a
Concentrated induction medium (600–2 ml) 12.8 0.67
DEAE sepharose pH 7.0 7.2 0.93
Butyl sepharose pH 4.0 6.6 0.94
MonoQ pH 4.0 4.2 1.4
MonoQ pH 7.0 0.1 6.2
a Activity determined on aldopentaouronic acid Xyl-Xyl(MeGlcA)-Xyl-Xyl.ronoxylan, which represents 75% of total MeGlcA content in the
polysaccharide [4].3.3. Optimum conditions for enzyme activity
The pH optimum of enzyme activity is 4.4. At pH 4.0 and pH 5.5
the activities represent 25.5% and 51.6% of the activity at the opti-
mum pH, respectively. Temperature optimum for the enzyme
activity is 60 C (18.43 U/mg at polymeric glucuronoxylan), but6054.
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in 30 min. The protein is stable for at least 3 h at 40 C, with spe-
ciﬁc activity on glucuronoxylan 3.01 U/mg. The pI of a-glucuroni-
dase calculated from sequence (ExPASy online ProtParam tool) is
4.64, but isoelectrofocusing showed the protein pI being close to
4.0.
3.4. N-terminal amino acid sequence and homology analysis
The Edman analysis of puriﬁed a-glucuronidase yielded an ami-
no acid sequence of its N-terminal LGGLQNIVFKNSKDD which cor-
responded exactly to the P. stipitis gene ABN67901, starting with
amino acid number 19, encoding a protein of unknown function
but of a similar molecular mass as the isolated a-glucuronidase.
The part of the gene coding for the ﬁrst 18 amino acids corresponds
obviously to the enzyme secretion signal sequence, which is not
preserved in the matured extracellular protein comprising of 957
amino acids.
BLAST search performed using the sequence of P. stipitis a-glu-
curonidase revealed the presence of a similar genes in genomes of
a large number of microorganisms, mostly fungi. The list of micro-
organisms with the orthologues of the P. stipitis a-glucuronidase
gene having identity higher than 34% and similarity higher than
51% is shown in Table 2. All orthologues correspond to proteins
around 1000 amino acids, which correspond to a molecular mass
of about 120 kDa, in all cases to proteins of unknown function.
The highest identity (54%), and the highest similarity (69%) was
to the orthologous gene of Aspergillus clavatus.
The alignment of eight selected homologous sequences (shown
in bold in Table 1) with the P. stipitis a-glucuronidase sequence is
shown in Fig. 4. The alignment shows ﬁve conserved glutamic acid
residues and eight conserved aspartic acid residues, two of which
might be the amino acids involved in catalyzing the reaction. Fur-
thermore, seven tyrosines and 12 tryptophans are also conserved.
In case the aromatic amino acids are surface-exposed, they could
play important role in recognition of the xylan main chain as oneTable 2
The list of the sequence of the orthologues of P. stipitis a-glucuronidase.
Organism Accession n
Pichia stipitis ABN67901
Aspergillus clavatus NRRL 1 EAW11879
Neosartorya ﬁscheri NRRL 181 EAW19490
Aspergillus fumigatus Af293 EAL87004
Aspergillus terreus NIH2624 EAU34802
Sclerotinia sclerotiorum 1980 EDN95878
Botryotinia fuckeliana B05.10 EDN18998
Pyrenophora tritici-repentis Pt-1C-BFP EDU43793
Neurospora crassa OR74A EAA30769
Gibberella zeae PH-1 XP_384059
Podospora anserina CAP65960
Cellvibrio japonicus Ueda107 ACE84961
Saccharophagus degradans 2-40 ABD81015
Opitutus terrae PB90-1 ACB77616
Coprinopsis cinerea okayama 7#130 EAU87823
Magnaporthe grisea 70-15 EDK03476
Phaeosphaeria nodorum SN15 EAT92065
Aspergillus oryzae RIB40 BAE56806
Magnaporthe grisea 70-15 EDK06705
Aspergillus oryzae RIB40 BAE56340
Aspergillus terreus NIH2624 EAU29423
Aspergillus oryzae RIB40 BAE65957
Fusarium sporotrichioides AA027748
Gibberella zeae PH-1 XP_383704
Cryptococcus neoformans var. neoformans B-3501A EAL18800
Bacteroides ovatus ATCC 8483 EDO13867
Streptomyces pristinaespiralis ATCC 25486 EDY63299
BLAST search was performed using a sequence of P. stipitis. The sequences of microorgan
bold.of the conditions of the enzyme to operate on the polymeric
substrate.
3.5. Phylogenetic comparison of a-glucuronidases from the new family
Phylogenetic relationships of the new type a-glucuronidase of
nine selected microorganisms (strains in bold in Table 2) were
analyzed using the ClustalW program (in DDBJ web site,
www.ddbj.nig.ac.jp/) (Fig. 5). It clearly shows that the P. stipitis
type a-glucuronidases form a new, complete distinct glycoside
hydrolase family (GH) not related to a-glucuronidases belonging
to GH family 4 and family 67.
4. Discussion
The xylose-fermenting yeast P. stipitis is unique in that it has
also a limited ability to utilize xylan as a carbon source [16]. During
growth on deacetylated hardwood glucuronoxylan the yeast se-
cretes two enzymes, endo-b-1,4-xylanase and a-glucuronidase.
The cellular localization of b-xylosidase has not been established,
but it presumably intracellular. This property of the xylanolytic
system of the yeast corresponds to its natural habitat which is a
digestive gut of beetles from Passalidae family eating hard wood
biomass which is rich in acetylglucuronoxylan [24]. The level of se-
creted endoxylanase is so low that it discourages further studies of
the xylanolytic system of the yeast. However, the level of extracel-
lular a-glucuronidase is signiﬁcant and responsible for the fact that
no accumulation of acidic oligosaccharides (aldouronic acids) oc-
curs during growth on this carbon source. Therefore, it is quite
interesting that the study of this poor xylanase producer led to dis-
covery of the new a-glucuronidase family. This fact points out that
microorganisms which do not appear as excellent enzyme produc-
ers, might become source of genes for important enzymes for bio-
mass degradation that do not occur in cellulolytic and xylanolytic
systems of well known and most potent producers of these indus-




























isms used for the alignment and construction of the phylogenetic tree are shown in
Fig. 4. Alignment of amino acid sequences of P. stipitis a-glucuronidase and homologous proteins. a-Glucuronidase from P. stipitis (Accession No. ABN67901, in this study); A.
fumigatus, Aspergillus fumigatus Af293 (EAL87004); A. oryzae, Aspergillus oryzae RIB40 (BAE56806); C. cinerea, Coprinopsis cinerea okayama7#130 (ACE84961); N. crassa,
Neurospora crassa OR74A (EAA30769); G. zeae, Glbberella zeae PH-1 (XP_384059); B. ovatus, Bacteroides ovatus ATCC 8483 (EDO13867); C. japonicus, Cellvibrio japonicus
Ueda107 (ACE84961); S. pristinaespiralis, Streptomyces piristinaespiralis ATCC 25486 (EDY63299). The alignment was performed with ClustalW (in DDBJ web site,
www.ddbj.nig.ac.jp/). Identical amino acid residues are enclosed in black boxes.
O. Ryabova et al. / FEBS Letters 583 (2009) 1457–1462 1461A phylogenetic comparison of the new family of a-glucuroni-
dase disclosed on the basis of the P. stipitis enzyme with GH67
and GH4 a-glucuronidases conﬁrmed that there is no close relation
between these GH families. The newly described type of a-glucu-
ronidase has the ability to liberate MeGlcA residues directly from
polymeric substrate. Its action on aldotetraouronic acid Xyl(MeG-
lcA)Xyl–Xyl, the shortest acidic product of glucuronoxylan hydro-
lysis by family 10 endoxylanases, conﬁrms that the new family
of a-glucuronidases will exhibit also the catalytic activity of
GH67 enzymes. We still do not have the evidence whether the en-
zyme will recognize GlcA residues in a similar way as MeGlcA
residues.
It cannot be excluded that the ﬁrst reported enzyme capable of
debranching glucuronoxylan, the a-glucuronidase of S. commune
[15], might also belong to the newly established a-glucuronidase
family. Although its published N-terminal amino acid sequence
[15] does not match the sequence of P. stipitis enzyme, it showssimilarity with some enzymes grouped in the new family. For in-
stance, the homology with the N-terminal of the Aspergillus oryzae
a-glucuronidase is 57%. Considerable differences at the N-termi-
nals of the enzymes apparently prevented to disclose the new fam-
ily on the basis of the N-terminal sequence of the S. commune
enzyme.
At this stage of investigation of the properties of the new a-glu-
curonidases operating on polymeric substrates, it is difﬁcult to pre-
dict fully the biotechnological potential of the enzymes. They will
certainly act synergistically with endoxylanases of families 10 and
11 by creating new sites for the productive binding to the enzymes
hydrolyzing the polysaccharide main chain. However, debranching
of the polymer will hinder the action of the appendage-dependent
GH5 xylanase that recognize MeGlcA side chains as their speciﬁcity
determinants [3,4,25]. Their ability to debranch glucuronoxylan
will certainly have impact on physico-chemical properties of the
polysaccharide. Deacetylation of acetylglucuronoxylan or removal
Fig. 5. Phylogenetic relationship between a-glucuronidases of the new family.
Phylogenetic relationships of a-glucuronidases were prepared using ClustalW
under the default settings. After the multiple alignment of the sequences were
generated, the phylogenetic tree was visualized by TreeView Ver. 1.6.6 program.
The percentages of bootstrap values for the respective branches are shown. The bar
indicates 0.1 substitutions per site.
1462 O. Ryabova et al. / FEBS Letters 583 (2009) 1457–1462of a-L-arabinofuranosyl side chains from arabinoxylan leads to de-
creased solubility of the polysaccharides [26–29]. This aspect of the
action of debranching a-glucuronidase awaits further work.
Finally, we would like to mention that genes encoding a-glucu-
ronidases of GH67 and the new a-glucuronidase family do not
seem to be present in available plant genomes. This interesting
ﬁnding suggests that the biosynthesis and reorganization of plant
cell wall polysaccharides does not involve removal of MeGlcA res-
idues or plants have a different type of this glycosidase.
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